Initial performance of advanced designs for IPV nickel-hydrogen cells by Gonzalez-Sanabria, O. D. et al.
INITIAL PERFORMANCE OF ADVANCED DESIGNS FOR IPV NICKEL-HYDROGEN CELLS 
John J. Smithrick, Michelle A. Manzo, and Olga Gonzalez-Sanabria 
National Aeronautics and Space Administration 
Lewis Research Center 
Cleveland, OH 44135 
ABSTRACT 
Advanced designs for  individual pressure vessel nickel-hydrogen c e l l s  have 
been conceived which should improve the cycle lf f e  a t  deep 
depths-of discharge.  Features of the designs which are new and not 
incorporated bn e i ther  of the contmporary ce l l s  (Air Forcehughes, Comsat) 
are: (1 ) use of a1 ternate methods of oxygen recombination, (2) use of 
serrated edge separators to  f a c i l i t a t e  movement of gas within the ce l l  while 
s t i l l  maintaining required physical contact with the wall wick, and (3)  use of 
an expandable stack t o  accommodate some of the  nickel electrode expansion. 
The designs also consider e lectrolyte  volume requirements over the l i f e  of the 
ce l l s ,  and are f u l l y  canpatible with the Air Forcebughes design. 
Boiler plate  c e l l s  based on each of the designs have been fabricated. 
They are i n  the process of ~ e i n g  evaluated i n  a continuing cycle l i f e  t e s t .  
INTRODUCT ION 
As part of an overall e f for t  t o  advance the technology of nickel-hydrogen 
bat ter ies  fo r  possible use in an energy storage system, i n  low earth o rb i t  
(LEO), improved advanced designs for individual pressure vessel (IPV) ce 11 s 
have been conceived. The purpose of t h i s  e f f o r t  i s  t o  improve the cycle l i f e  
a t  deep depths-of-discharge ( D O D ) .  The approach has been to  e f fec t  ce l l  
improvements through a continuing combined in-house and contractual e f fo r t .  
Corntemporary IPV nickel-hydrogen ce l l  designs and resu l t s  of cycle l i f e  t e s t s  
conducted in-house and by others were reviewed t o  identify areas where 
improvement could r e su l t  in a longer cycle l i f e .  A component improvement 
e f fo r t  directed towards the physical properties of each of the individual 
components was in i t ia ted  and improvements will be factored into the cel l  as 
evolved. Oesign philosophies have been developed related to  oxygen and 
electrolyte  management requirements. Existing technology was u t  i 1 ized where 
possible to  minimize development cost and time. 
The contemporary desi n c e l l s  (Air Force/Hughes, Comsat) are adequate fo r  
the geosynchronous orb i t  9 GEO) applications, where not many cycles are 
required over the l i f e  of the storage system. However, for  the demanding LEO 
applications, the current cycle l i f e  a t  deep depths-of -discharge ( 2000 t o  8000 
cycles) i s  not acceptable (1,Z). Some investigators report that  t h i s  l imited 
cycle l i f e  i s  mainly due to  degradation of the nickel electrode, However, 
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there are a1 so ind ica t ions  t h a t  modi f i  cat ions t o  the contemporary designs 
should r e s u l t  i n  an improved cyc le  l i f e ( 3 ) .  Some possible causes of 
degradation are: dens i t  chan es o f  the ac t i ve  mater ia l  during cyc l ing  which K . B  could cause fa t igue of t e n1c e l  plaque (4 )  and s t r uc tu ra l  damage t o  i t s e l f  
r e s u l t i n g  i n  capac i ty  loss; ac t i ve  mater ia l  cou ld  f l a k e  o r  extrude from the 
electrode causing a loss  of capaci ty and possib le short ing of the c e l l  (1,5) 
Extrusion of ac t i ve  mater ia l  may a lso  cause channeling o f  oxygen generated 
dur ing charge. Th i s  could lead t o  "popping" caused by large concentrations o f  
oxygen react ing w i t h  hydrogen a t  the hydrogen electrode (5) which could damage 
the electrode (4) .  B l i s t e r i n g  o f  the  n icke l  e lectrode during cyc l ing  could 
cause capaci ty loss (6) .  Change i n  pore d i s t r i b u t i o n  and electrode surface 
area can also resul  t from ac t i ve  mater ia l  expansion and contract ion, which 
could e f f e c t  e l e c t r o l y t e  d i s t r i b u t i o n  and performance. It has been reported 
t h a t  t he  n i c k e l  e lectrode expands s i g n i f i c a n t l y  during cyc l ing  (3) .  Th is  
could cause compression o f  the separators, dry ing o f  the stack, rup tu re  of the 
polysul fone core and c e l l  f a i l u re .  Th is  f a i l u r e  mode can be el iminated by 
modifying the c e l l  design t o  accommodate expansion. 
I n  t h f s  repor t  advanced designs f o r  I P V  nickel-hydrogen c e l l s  are 
described. I n i t i a l  cyc le  l i f e  performance o f  b o i l e r  p l a t e  ce l l s ,  based on 
each o f  these designs, i s  presented and compared t o  the A i r  Force 
r e c i  r c u l  a t ing design. 
EXPERIMENTAL 
TEST FACILITY 
The t e s t  f a c i l i t y  used t o  cyc le  l i f e  t e s t  the n i cke l  hydrogen c e l l s  i s  
i l l u s t r a t e d  i n  Fig. 1. The f a c i l i t y  design incorporates two main features: 
safe ty  and v e r s a t i l i t y .  Since the nickel-hydrogen c e l l s  are precharged w i t h  
hydrogen and a1 so generate hydrogen during charge, speci a1 a t ten t ion  was g i  ven 
t o  personnel safety. The c e l l s  were located on top o f  the instrumentation 
cabinets. There were two c e l l s  f o r  each cabinet. Each c e l l  was located 
w i t h i n  a c y l i n d r i c a l  shrapnel sh ie ld  i n  case o f  the improbable event o f  an 
explosion o r  rupture o f  the  c e l l  pressure vessel. During a tes t ,  the 
c y l i n d r i c a l  sh i e l d  was purged w i t h  n i t rogen t o  create an i n e r t  atmosphere. 
The n i t rogen  gas, and hydrogen gas i f  any, would be exhausted from the  t e s t  
1 aboratory through a hood located above the ce l l s .  If the exhaust f an  would 
f a i l  o r  the  n i t rogen  purge would become interrupted,  the  t e s t  would be 
automat ical ly  terminated. A t e s t  can a lso be terminated on a preset upper 
and/or lower 1 i m i t  o f  c e l l  vo1 tage, current, pressure, and tanperature. 
The f a c i l i t y ' s  v e r s a t i l i t y  a l lows f o r  tes t ing  over a wide range o f  cyc le  
regimes. A geosynchronous ear th  o r b i t  (GEO) cyc le  regime can be run i n  r ea l  
t ime using a programmable t imer. Various accelerated GEO and low ear th  o r b i t  
cyc le  regimes can be run  using a Texas Instrument timer. The c e l l  discharge 
cur ren t  i s  con t ro l l ed  by an e lec t ron ic  load, wnich can be var ied from 0 t o  100 
amps. The charge cur rent  can a lso be var ied  i n  t he  same range. Test data are 
p r i n ted  out  l o c a l l y  using a Fluke data co l lec to r .  S t r i p  char t  recorders are 
used to  record ce l l  voltage, current, and pressure as a continuous function of 
charge and discharge time f o r  selected cycles. A maximum of twelve c e l l s  can 
be tested a t  the  same time. 
TEST C E L L  DESCRIPTION 
Air Force Desiqn Cell 
The Air Force ce l l  i s  i l lus t ra ted  i n  Fig. 2. I t  consists of a stack of 
nickel electrodes, separators, hydrogen electrodes, and gas screens assembled 
in a non back-to-back electrode configuration. The stack i s  packaged in a 
cylindrical pressure vessel, with hemispherical end caps. This i s  made of 
Inconel 718 and lined with zirconium oxide which serves as a wall wick. The 
conponents are shaped i n  a "pineapple" s l ice  pattern. The electrodes are 
connected e l ec t r i ca l ly  in parallel .  In t h i s  configuration electrodes of 
different  types d i rec t ly  face each other. Hence, since a high bubble pressure 
separator is  used, the oxygen generated a t  the nickel electrode on charge i s  
directed to  the hydrogen electrode of the next unit ce l l ,  where i t  recombines 
chemically t o  f o m  water. The fuel ce l l  grade asbestos separators are 
extended beyond the electrodes to  contact the  wall wick. Hence, e lectrolyte  
which leaves the stack during cycling will be wicked back into the stack. The 
nickel electrode consists of a sintered nickel powder plaque containing a 
nickel screen substrate which i s  electrochen~ical ly impregnated w i t h  nickel 
hydroxide act ive material by the Pickett  process. The gas screens are 
polypropylene. The electrolyte  is  a 31 percent aqueous solution of potassium 
hydroxide. The stack configuration i s  referred to  as a recirculating design. 
NASA Ad vanced Cell s 
Overall k s i g n s  - Two different  b u t  similar advanced design IPV 
nickel-hydrogen c e l l s  have been conceived. They are i l lus t ra ted  i n  Figures 3 
and 4. One i s  referred t o  as the catalyzed wall wick and the other as the 
recombination capsule design. They d i f f e r  only in the method of oxygen 
recombination. I n i t i a l l y  the nickel electrodes, hydrogen electrodes, gas 
screens, pressure vessel, and potassium hydroxide electrolyte  concentration 
will be identical t o  the ones used in the state-of-the-art Air ForceIHughes 
cell  s. However, a component improvement e f fo r t  directed towards the physical 
properties of each of the individual coinponents has been in i t ia ted  and 
improvements will  be factored into the ce l l s  as they evolve. For both designs 
the electrode configuration i s  back-to-back as i s  the case for the Comsat 
ce l l .  Both designs also use a wall wick, however portions of the wall wick 
are catalyzed f o r  the catalyzed wall wick design. 
Features of the advanced designs which are  new and not incorporated in 
e i the r  of the contemporary c e l l s  are: (1 ) use of a l ternate  methods of oxygen 
recombination; (2) use of serrated edge separators; ( 3 )  and use of an 
expandable stack. The designs also consider e lectrolyte  volume requirements 
over the l i f e  of the ce l l s ,  and are fu l ly  compatible w i t h  the Air ForceIHughes 
design. 
Boiler plate  c e l l s  of both designs are i n  the process of being cycle 
tested to  verify design f eas ib i l i t y .  
Oxygen Management - During the l a t e r  part of charge and on overcharge oxygen 
is evolved a t  the nickel electrodes. For both contanporary designs oxygen 
management consists of chemical ly  recombining the oxygen generated duri ng 
charge on the catalyzed hydrogen electrode surface to  form water. T h i s  
chemical reaction i s  very exothermic; hence care must be taken t o  limit the 
r a t e  a t  which these two reactants come together. If a separator is  used which 
has a pore s ize dis t r ibut ion that  permits a certain degree of gas 
permeabi 1 i ty,  oxygen bubbl e bui l d u p  occurs and "poppi ng" reslil t s  as these 
accumulations of oxygen abruptly recombine. This can r e su l t  i~ sintering of 
the catalyzed surf ace and/or local me1 t i  ng of the Tef lon/catalyzed 
agglomeration tha t  makes up the hydrogen electrode. If high bubble pressure 
separators are  used i n  the back-to- back electrode configuration (Comsat 
design) the oxygen must travel along the face of the nickel, leave the stack 
and then reenter to  recombine on the hydrogen electrode. In t h i s  case, the 
recombination would be expected t o  take place around the outer perimeter of 
the electrodes. The concentration of chemical reactants could resu l t  in 
damage t o  the electrocatalyst  surface of the electrode. 
An improved method of oxygen recombination i s  t o  use a catalyzed wall 
wick. The oxygen evolved on charge between the back-to-back nickel electrodes 
to  the catalyzed wall wick where i t  recombines. The water formed i s  wicked 
into the stack because the asbestos separators are in contact with the wall 
wick. An oxygen seal i s  used a t  the inner edge of the nickel electrodes to  
preclude oxygen from bypassing the catalyzed wall wick by escaping into the 
stack core, and reentering to  recombine a t  the  hydrogen electrodes. The 
asbestos separator pore s i ze  dis t r ibut ion i s  such tha t  i t  nas a high bubble 
pressure, thus denying the oxygen a d i rec t  path to  the hydrogen electrode. 
The catalyzed wall wick i s  fabricated by f i r s t  depositing a thin zirconium 
oxide layer of wicking material on the inner surface of the pressure vessel, 
as i s  the case i n  the Air Force design. A platinum Teflon mixture i s  coated 
i n  s t r ipes  onto the  zirconium oxide surface. The mixture i s  similar to  tha t  
used t o  fabricate  SOA hydrogen electrodes, and i s  cured in the same manner. 
The advantages of using a catalyzed wall wick are  ( 1 )  aids thermal 
management, as the heat of oxygen recombination i s  deposited a t  the pressure 
vessel wall ra ther  than a t  the hydrogen electrodes i n  the stack, and ( 2 )  
prevents damage t o  the hydrogen electrode due to  concentrated bubbles of 
oxygen reacting (popping problem). 
Another method of oxygen management would be t o  use oxygen recombination 
capsules between the  back-to- back nickel electrodes. The high bubble pressure 
ash-estos separator d i rec ts  the oxygen into the capsule, which consists of 
recombination s i t e s  catalyzed with platinum. They are  encapsulated with a 
vapor permeable coating t o  a1 low passage of the gases in and water vapor out,  
b u t  remain hydrophobic t o  liquid. The coating must also isolate  the catalyst  
e l e c t r i c a l l y ,  o therwise i t  w i l l  r e a c t  w i t h  the  n i c k e l  e lec t rode as a p a r a s i t i c  
reac t ion .  The water formed w i t h i n  t h e  capsule i s  re tu rned t o  t h e  n i cke l  
e lect rodes i n  the  vapor form. This  method of oxygen management b e n e f i t s  t he  
o v e r a l l  e l e c t r o l y t e  management scheme, and helps prevent  damage t o  t h e  
hydrogen e lect rode.  
Expandable Stack - The SOA e lec t rochemica l l y  impregnated n i c k e l  e lec t rodes 
expand s i g n i  f i c a n t l y  due t o  c y c l  i ng a t  deep depths-of -discharge compressing 
the  separators. The e l e c t r o l y t e  forced o u t  i s  absorbed by the  increased pore 
volume o f  t h e  n i c k e l  electrodes, Hence, expansion of t h e  n i c k e l  e lec t rodes 
e f f e c t s  e l e c t r o l y t e  volume (as a percentage o f  s tack sa tu ra t i on )  and 
e l e c t r o l y t e  d i s t r i b u t i o n .  T h i s  f a i l u r e  mode app l ies  t o  t h e  Comsat c e l l ,  which 
does n o t  use a r e c i r c u l a t i o n  stack. I n  the A i r  Force c e l l ,  the  proper 
e l e c t r o l y t e  volume should be maintained by t h e  r e c i r c u l a t i o n  s tack  design. 
However, i t  has oeen repo r ted  by others t h a t  the  A i r  Force c e l l  has a l s o  
f a i l e d  due t o  n i c k e l  e lec t rode  expansion (7 ) .  I n  t h i s  case, t h e  expansion was 
so great  (about 112 in., 40 e lec t rode s tack)  t h a t  t he  po lysu l fone core o f  the 
stack ruptured. T h i s  f a i l u r e  mode can be e l im ina ted  by modi fy ing t h e  c e l l  
design t o  accom~odate expansion. 
To accommodate the  n i c k e l  e lec t rode expansion and improve c y c l e  l i f e ,  an 
expandable stack has been proposed. One way o f  implementing t h i s  i s  t o  use 
Inconel 718 B e l l e v i l l e  d i sc  springs a t  each end o f  the  stack between the  end 
p l a t e s  and t i e  r o d  nuts.  The spr ings w i l l  ma in ta in  s tack  compression 
throughout the l i f e  o f  t he  c e l l .  Another way i s  t o  share the  accommodation 
w i t h  t h e  separator.  The sp r ing  constant  can be se lec ted  so t h a t  some o f  t h e  
e lec t rode expansion i s  absorbed by the  asbestos separator.  A 10 m i l  
separator, which i s  t h e  standard th ickness  used i n  contmporary  
nickel-hydrogen c e l l s ,  can be compressed t o  about 5 m i l s  w i thou t  any 
performance degradat ion prov ided i t  has adequate e l e c t r o l y t e .  I n  SOA c e l l s ,  
the  asbestos separators are i n i t i a l l y  compressed 1 m i l  t o  insure  good 
cmponent contact.  As a mat te r  o f  f a c t ,  t h e  performance o f  t h e  separator may 
improve due t o  the  decrease i n  thickness. However, t h i s  could be o f f s e t  by a 
change i n  t o r t u o s i t y  due t o  compression. The separator can be thought  o f  as a 
spr ing  i n  se r i es  w i t h  the  B e l l e v i l l e  spr ing.  The r e l a t i v e  d e f l e c t i o n  w i l l  
depend on t h e  respec t i  ve spr ing  constants. 
An e f f o r t  has been i n i t i a t e d  in-house t o  i n v e s t i g a t e  the  e f f e c t  o f  
separator canpression on res is tance and e l e c t r o l y t e  content.  
Serrated Separator - The separators are made o f  beater  t r e a t e d  asbestos (BTA) 
r a t h e r  than convent ional  f u e l  c e l l  qrade asbestos. BTA i s  recons t i t u ted  f u e l  
c e l l  grade asbestos t h a t  has 5 percent by weight b u t y l  l a t e x  b inder  added 
(8) .  The sheet i s  formed i n  one p l y  and i s  approximately 7 m i l s  t h i c k .  The 
p rope r t i es  o f  BTA are  comparable t o  those o f  the  f u e l  c e l l  grade asbestos 
( r e s i s t i v i t y ,  e l e c t r o l y t e  re ten t i on ,  po ros i t y ,  pore size, bubble pressure) .  
I n  -addit ion, the  BTA i s  more uniform and st ronger,  The edges o f  t he  separator 
are ser ra ted  t o  f a c i l  i t a t e  gas movement i n s i d e  t h e  c e l l .  The (du ty  c y c l e )  o f  
the s e r r a t i o n  i s  about 25 percent.  Hence, 7 5  percent  o f  t he  separator edge 
w i l l  s t i l l  be i n  contac t  w i t h  t h e  pressure vessel w a l l  f o r  e l e c t r o l y t e  
management. 
El e c t r o l y t e  Management - C e l l  performance i s  very  sens i t i ve  t o  stack 
e l e c t r o l y t e  volume and d i s t r i b u t i o n  (9).  There are  many f a c t o r s  which e f f e c t  
t h i s  quant i ty ,  and some are d i f f i c u l t  t o  con t ro l .  However, by good design, 
proper e l e c t r o l y t e  volume can be maintained over t h e  l i f e  o f  t h e  c e l l  f o r  good 
performance. 
One way o f  ma in ta in ing  the  proper e l e c t r o l y t e  volume i s  t o  p rov ide  e x t r a  
e l e c t r o l y t e  i n  t h e  bottom o f  t h e  c e l l  (about 20 ml ) and a means o f  
t ranspor t i ng  i t  t o  t h e  stack as requi red.  This  can be done by extending the  
separators beyond t h e  e lec t rodes t o  contac t  t h e  w a l l  wick, which i s  i n  contact  
w i t h  the  e l e c t r o l y t e  r e s e r v o i r ,  as i s  the  case i n  t he  A i r  Force design. 
MEASUREMENTS AND PROCEDURE 
For t h i s  experiment the  q u a n t i t i e s  measured f o r  each c e l l  a t  the  end o f  
charge and discharge, and t h e i r  accuracies were: Current (+0.3 percent) ,  
vo l tage (+0.5 percent),  pressure (+1 percent) ,  temperaturn T+10 C l i m i t  o f  
e r r o r ) ,  a%! charge and discharge azpere-hours capac i ty  (+O.5-percent). 
Charge-to-discharge ampere-hour r a t i o  was ca l  c u l  ated. Cz11 current ,  vo l  tage, 
and pressure were recorded cont inuously  as a f u n c t i o n  o f  time, f o r  se lec ted  
cycles, on a s t r i p  c h a r t  recorder.  
C e l l  charge and discharge cu r ren ts  were measured across a shunt, us ing  an 
i n t e g r a t i n g  a i  g i  t a l  vo1 tmeter. C e l l  vo1 tage was a1 so measured us ing  an 
i n t e g r a t i n g  d i g i t a l  vo l tmeter .  C e l l  pressure was measured us ing  a 
convent ional pressure transducer . Temperature was measured us ing  an 
iron-constantan thermocouple loca ted on the  center o f  the  ou ts ide  pressure 
vessel wal l .  Charge and discharge anpere-hours were measured us ing  a 
convent ional ampere-hour meter. Charge-to-d i s c  harge r a t i o  (ampere-hours i n t o  
c e l l  on charge t o  ampere-hours ou t  on discharge) was ca l cu la ted  from t h e  
ampere-hour measurements. 
P r i o r  t o  cyc l  i n g  t h e  c e l l ,  t h e  ampere-hour capac i ty  l oss  due t o  s e l f  
discharge a f t e r  a 72-hour open c i r c u i t  vo l tage stand was measured f o r  a l l  
c e l l  s. 
Three, 6 ampere-hour b o i l e r  p l a t e  c e l l s  o f  each design w i l l  be cyc led  t o  
f a i l u r e .  I n  add i t ion ,  one 4 mpere-hour b o i l e r  p l a t e  c e l l  o f  t h e  cata lyzed 
w a l l  wick design w i l l  a l so  be cyc led  t o  f a i l u r e .  The c y c l e  regime w i l l  be a 
LEO regime. The depth-of -discharge w i  11 be  80% o f  name p l a t e  capacity.  For 
t h i s  t e s t  c e l l  f a i l u r e  was def ined t o  occur, when the  discharge voltage 
degraded t o  0.9 v o l t s  dur ing  t h e  course o f  a constant  cu r ren t  35-minute 
discnarge a t  t he  1.37C ra te .  For t he  f i r s t  t e s t  cycle, t h e  c e l l s  were charged 
f o r  e ighteen hours a t  a C/ 10 r a t e  (0.6 m p s )  fo l l owed  by discharge a t  t h e  
1.37C r a t e  f o r  35 minutes. Then the normal LEO charge/discharge regime was 
i r i i t i a t e d  which cons is ted  o f  charg ing t h e  c e l l s  a t  about a constant  0.96C r a t e  
(5.76 amps) f o r  55 minutes immediately fo l lowed by discharge a t  a constant  
1.37C r a t e  (8.2 amps) f o r  35 minutes. The charge-to-discharge r a t i o  was se t  
a t  1.10. 
RESULTS AND D lSCUSSION 
SELF DISCHARGE 
The average percentage ampere-hour capac i ty  l oss  and conf idence i n t e r v a l  
(standard dev ia t i on  about t h e  mean) for  t h r e e  c e l l s  o f  each design i s  
summarized i n  f i g u r e  5. The capac i ty  l o s s  was measured a f t e r  a  72-hour open 
c i r c u i t  vo l tage stand. The c e l l  temperature was no t  c o n t r o l l e d  dur ing  t h e  
measurements, Room temperature was 250 C. The spread i n  t h e  data i nd i ca tes  
no s ign  i f  i cant d i f f e r e n c e  i n  the  average percentage capac i ty  l oss, Th is  
suggests t h a t  t h e  new designs do not  in t roduce any new s e l f  discharge 
mechanisms* 
CYCLE PERFORMANCE 
The e f f e c t  o f  cyc l  i ng  on the  end o f  discharse vol tage f o r  the  best  c e l l  ( l e a s t  
vol tage degradation) f o r  each design i s  shown i n  f i g u r e  6, There was no 
apparent d i f fe rence between the  performance o f  the  oxygen recombinat ion 
capsule design and the  A i r  Force design c e l l  ( con t ro l ) .  The voltage f o r  both 
designs was s tab le  and r e l a t i v e l y  constant throughout the  tes t .  A t  c y c l e  1500 
t h e  end o f  discharge vo l tage was about 1.14 v o l t s  f o r  each design. The 
cata lyzed wa l l  wick design c e l l  exh ib i ted  a beginning o f  l i f e  v a r i a b i l i t y  i n  
end o f  discharge vo l tage (no t  shown i n  f i g u r e  6),  and then s t a b i l i z e d ,  Once 
s t a b i l i z e d ,  i t  showed r e l a t i v e l y  l i t t l e  degradation i n  vol tage and was about 
1.08 v o l t s  a t  c y c l e  2800. T h i s  lower vol tage compared t o  the  A i r  Force 
c o n t r o l  c e l l  ( cyc le  1500) i s  probably n o t  inherent  t o  t h e  cata lyzed w a l l  wick 
design. lit could be  due t o  several f ac to rs  such as; h igh  contact  res is tance 
between c e l l  components due t o  inadequate stack compression; m a l d i s t r i b u t i o n  
of e l e c t r o l y t e ;  o r  p a r t i a l  pass iva t ion  of t h e  hydrogen electrodes. The oxygen 
seal used i n  t h i s  design was tes ted  i n  31% potassium hydroxide, which was used 
as t h e  e l e c t r o l y t e ,  and was p a r t i a l l y  soluble. T h i s  could have been a source 
o f  passivat ion,  A c e l l  w i t h  a  d i f f e r e n t  oxygen seal n a t e r i a l ,  t h a t  i s  n o t  
so lub le  i n  KOH, has been f a b r i c a t e d  and w i l l  be evaluated. 
The c y c l e  t e s t  o f  tnese c e l l s  w i l l  be cont inued u n t i l  f a i l u r e .  A 
post-cyc le c e l l  teardown and f a i l u r e  ana lys is  w i l l  be conducted t o  evaluate 
the  cause(s) f o r  f a i l u r e .  This in format ion  be fac tored i n t o  f u r t h e r  improving 
t h e  c e l l  design. 
CONCLUDING REMARKS 
Advanced designs f o r  I P V  nickel-hydrogen c e l l  s  have been conceived, whi ck 
could have a longer c y c l e  l i f e  a t  deep depths-of-discharge. The features o f  
t he  designs which are new are: use o f  a l  t e rna te  methods o f  oxygen 
re.combinati ons, use of an expanaable s tack  t o  accommodate n i c k e l  e lec t rode 
expansion, and use of ser ra ted edge separators t o  f a c i l i t a t e  gas movement 
w i t h i n  t h e  c e l l  wh i l e  s t i l l  ma in ta in ing  requ i red  phys ica l  contact  w i t h  t h e  
w a l l  wick. The designs a l s o  consider e l e c t r o l y t e  volume requirements over the  
l i f e  o f  t h e  c e l l s ,  and a re  f u l l y  compatible w i t h  the  A i r  Forceflughes design, 
B o i l e r  p l a t e  c e l l s  o f  both designs have been f a b r i c a t e d  and a re  i n  t h e  
process o f  be ing  c y c l e  t e s t e d  t o  v e r i f y  t h e  design f e a s i b i l i t y .  
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Figure 5. Self Discharge-Average Capacity Loss and Confidence Interval 
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Figure 6. Effect of Cycling on End of Discharge Voltage of Best Cell of Each Design 
